o PR ARAST ATRAT IR T AT TR T R e ST TR TR T T TR T T "“

AD

EDCEWCOD ARSENAL CONTRACTOR REPORT

EM-CR-76080

ER-8611

g |

COMPUTER-AIDED DESIGN CF SUPPRESSIVE SHIEL DS

Final Report

by

S.R.GUTTON

AAl CORPORATION
Baltimore, Maryland

AMAO27E2Y

D. J. KATSANIS
Edgewood Arsenal, Maryland

June 1976

Contract No. DAAA15-75-C-0120 Work Order No. 2

Gike dmn mW N PR mE) gOw PR Py

DEPARTMENT OF THE ARMY
Edgewcod Arsenal

Aberdeen Proving Ground, Maryland 21010

T
i
i
i Approved for public release; distributivn unilimited.
{
S B
i
B %




gromy  gmon oo

[aman

S I
[
A i -~ N\
- i [ {
Disclaimer
i The findings in this report are not to be construed as an official Department of the
Army position unless so designeted by other authorized documents,
i Disposition
i Destroy this report when it is no longer neaded. Do not return it to the originator,
|
o
R
i
l'ﬂ
N
3
I |
3 N _i! B
) {
)
]
‘ !

e |



SECURITY CLASHFICATION OF THIS PAGE (When Nata Fnterad)

EPORT DOCUMENTATION PAGE BEFORE MBI NS M

2. GOVT ACCESSIO TALOS NUMBER
7, ngt,ﬁ/(z
+’_ A
!

‘Y TYPE QF R

p echnicalfepa./f AN ¥ R

4. TITLE (and Subtitle)

é SOMPUTER-AIDED QESIGN

OF/ '
SUPPRESSIVE SHIELDS / . O RERGRT RO
: /4] ART |—Eree18 |

7. AUTHOR(a) $ R GRANT NUMBER(s2)

N
,}O) Siﬂ.//ﬁ()utton AAl Corp. @BAAMSJB-C;NZE/

D;f,' atsanisj Edgewood Arsenal

I HUMBERS

ANIZATION NAME AMD ADDRESS @ 0. PROGRAM ELEMENT, PROJECT, TASK
B

4 AA| Corporation Edgewood Arsenal

P.0. Box 6767 Aberdeen Proving Ground | T/} | :
X n Proving Groun lpm

Baltimore, MD 21204 MD 21010

1. CONTROLLING OFFICE NAME AND ADDRESS //

Commander, Edgewood Arsenal
Attn: SAREA-TS-R
Aberdeen Proving Ground, MD 27010

it

[ 77 "MONITORING AGENCY NAME & ADDRESS(I! ditfarent from Controlling Office) 15. SECURITY CLASS. (of this report)
v Sommander, Edgewood Arsenal
fttn: SAREA-MT-TS UNCLASSIFIED
; Aberdeen Proving Ground, MD 21010 A RE L AsTIE 1CATION/ DOWNGRAGING
B (CPO Dr. D. Katsanis, 671-2302) NA

16. DISTRIBUTION STATEMENT (af this Report,

Approved for public releass; distribution unlimited.

g EEN  ER PR e oW e tew oo B

ERY -

T e

2

£
£4

17. DISTRIBUTION STATEMENT (of the abstract entered In. Block 20, {f different from Report) .\

18. SUPPLEMENTARY NOTES

B e TR e

Manufacturing methods and technology

19. KEY WORDS (Con!inue on reverse alde if nocossary and ldentlly by block number)

Suppressive shields
Computer-aided design

(2, ABSTRACT (Continue on reverss side If necessary and identify by block number)

Engineering design procedures are being developed, safety approved, and organized into systematic
procedures for application of suppressive structures in US Army ammunition plants. The approved
procedures will include use of complex computer programs and charts in time consuming, iterant
methods. A study has been conducted to determine computer software, hardware, and terminal
requirements; and to estimate computer equipment and cperation costs. The results of that study 3
as reported herein indicate a considerahie cost savings can be expected by use of computer-aided
procedures in design of suppressive shields.

el —t
JE A N w7
Lo Py

PN i .

DD ";'2:';3 1473 =wition oF T NO . 6% 1S oBsox}us B UNCLASSIFIED

SECURITY CLASSIFICAYION ('F THIS PAGE (When lJata Enfered)

AL
b
N
O
\ L]
N
X
N
\Jé N,




[F—

R T B MR e e a3

PREFACE

The investivation deseribed i this report was authorized under Coiarael DAAALS-75-
C-0120, Task 2, Computes-Aided Desige of Suppresive Shields, This report was prepared for the
Suppressive Shiclding Beoneh, Mandacturing Technology Directorate. Edgewood Arsenal in
support of the Manutactaring Methods and Technology Project 3751264, This work was completed
in March 1970.

Reproduction of this docament in whole or in part is prohibited except with permission
of the Comusander. Fdgewood Arsenal, Ator: SAREA-TS-R, Aberdeen Proving Ground, Marylaad
20000 bowever, DI and the National Techinieal Information Service are authorized to reproduce

the dociment for United Stales Governineal purposes.
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COMPUTER~-ATDED DESIGN OF SUPPRESSIVE SHIELDS

T. INTRODUCTION

This study was conducted to determine the feasibility of applying
computer-aided design (CAD) techniques and procedures to the design and
design evaluation of suppressive shields. At present, some 200 suppressive
shield applications have been identified in the Munitions Production Based
Modernization Program. The present design procedure is costly and time con-
suming. The use of CAD techniques in design and design evaluation of suppres-
sive shields will minimize design time and cost, improve design by incorpor-
ating optimized and safety approved methods, provide the ability to
analytically evaluate designs, and provide consistent, efficient, and accurate
design procedures.

The current Edgewood Arsenal Suppressive Shielding Program will
culminate in an engineering design handbook which will be used by architec-
tural and engineering contractors who prepare designs and specifications for
new or modernized munition production facilities. CAD procedures are planned
as an integral portion of this Suppressive Structures Handbook. “These CAD
procedures will harlle the tedious iterations of numerous and complex hand
calculations, Eventually, the complete design procedure will be computerized
and intceractive tewvminal suliware will be the intertace between the computer
and the design engineer.

This type of CAD system requires a larye computer system capable of
conducting a multi-user time share operation with fast response. Many such
computer systems are available within the Government; ovne is the Edgewood
Arsepal computer facility consisting of the UNIVAC 1168 computer system, The
EXEC VII1 operating system of the UNIVAC 1108 allows interactive terminals to
operate from remote areas via standard telephone communications.

1I. CURRENT DESIGN METHODS

In the design of a suppressive shield, there are three main areas of
engineering effort:

A. Analysis of the envircnpment
B. Shiecld design

C. Analysis of the design

There is feedback from cach of these areas and each area employs a numbur of
analysis disciplines. Some computer programs are available to aid the
analysis, particularly in the analysis of blast and tragment cffects. Also

availakle are some guidelines based on previous suppressive shicld designs.
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TITI. CAD APPLICATION

A, Equipment Configuration.

The general CAD equipment configuration is shown in figure 1.
The CAD application at the design station would incorporate an interactive
terminal located ion the design area and connected to a computer system simi-
lar to Edgewood Arsenal's UNIVAC 1108 via telephone lines, This design
station would consist of an interactive graphics CRT with a kard copy unit
for display of results, and a keyboard typewriter for input and control. The
Suppressive Structures Handbook will define the specific design procedure.
The designer would enter, via a typewriter terminal, the commands for the
desired type of analysis and the input for that analysis. Results would be
displayed on the CRT in tabula: and graphical [orm, The designer would be
able to wake a hard copy of the results for furcther study. The terminal
woild require a low speed data communications modem. Since this arrangement
would only require a standard telephone set, the location of the design sta-
tion would be flexible..

A system such as the Edgewood Arsenal's UNIVAC 1108 computer system
will be required for this application, Resident on that system could be a
monitor program for servicing the terminal requests, This monitor program
will operate within the teleprocessing software of the cperating system, and
will bring in the analysis programs required as a result of the specific
request. The analysis will be taken from the engineering design handbock.
These analysis programs will reside on a mass storage device such as disk or
high speed drum as a Suppressive Structures Design Code file. These programs
will use design paremceters which will reside in the Suppressive Structures
Data Base. This data base will also reside on a mass storage device,

The system also could generatve znformation for an artwork generator
consisting of 2 minicomputer and plouiting system for generating drawings.

B. Suppressive Structures CAD ¥rocedure.

The design procedure is divided into the donor system analysis
antd the shicld design anolysis. A biock diagram of the design flow is shown
in figure 2.

The domor system analysis is conducted to determine the hazavd
eavironment. The engineer/designer enters the donor system characteristics
which define the munition configuration., Then the blast, fragment, and
thermal characteristics are determined as shown in figure 2. These results
arc displayed and stored on disk or drum for use later by the design program.
This part of the system defines the hazard environment and is not o part of
the design. Rather, the results of this sytem are used as input to the
design.
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The shield design analysis system is the major portion of the CAD
environment. Herc the engineer/designer first tells the system the degree of
protection that is desired and the geometry of the environment. The svstem
then uses the results of the donor system analysis and displays information
on the CRT concerning the required shield configuration. The engineer then
works interactively with the machine to select materials, type of shield, con-
figuration, etc. The machine, based on previous design information, provides
him with results of previous designs. When he has developed the design con-
cept, the system analyzes that design with respect to effectiveness and cost
and then displays the results. Upon his interpretation of the results, the
designer can modify the design and analyze it again or he can change the
requirements if the design is not feasible due to the constraints placed on
the requirements. It is important to note that the designer makes the final

decision and the system provides him with the ianformation to make that
decision.

C. Data Flow.

The system consists of three program modules with five data bases
and a file maintenance module. The data flow is shown in figure 3. These
modules are defined as follows:

1., Munitions Effects Module.

This system consists of a control program, munition analysis
programs, a files contrel program, and a results presentation program. The
contrel program is the interface between the engineer and the machine. Tt
Lonors his requests and loads those programs to conduct the required analysis.
The munition analysis programs arc three separate programs consisting of a
blast effects program, a fragmentation effects program, and a thermal effects
program. This area is the only part of the total system where cxisting com-
puter programs may be utilized. ‘'The applied technology e¢ffort on the current
suppressive shield project determines the existing programs that most offec-
tively apply to this analysis. The files control program creates the blast,
fragment, and thermal eifects file to be used during the design analysis.

The results presentation program {

b v

: . ' { wx e snas oy 3 s s
rmats the results {or proscntation in

o
< CU Lol

summary form at the designer's console or in a detail tabular preseantation.
2. Design Requirements Module,

This module consists of a control program, a files program, A
design program, and a results presentation program.  The control program is
the interface between the engincer and the machine. The design program
analyzes the protectiun criteria and enclosure geometry, obtains the hazard
data program from the effects file, and determines the specific hazard to
that environment. 1t then uses the files program to obtain intormation from
the shield data base and to deterwine the shi 1d paramecers to meet the

3
3
k
E
3
3
)

e e A e . et =

s e S N i et

4



DESIGN

/ MODULE

RESULTS
DISPLAY

SHIELD
DATA
BASE

[y S

BASE

|
{
q
|
|
I DETAIL MUNITIONS
| RESULTS EFFECT
¢ LISTING ANALYSIS
1
|
.
i
i PROLECT1ON
CRITIERIA & GE( DESIGN .
REQUIREMENTS |e——

DETATI
DESIGH

-]

DESIGN

ANALYS 1S
MODULE

DESIGN
RESULY
DISPLAY

SAFETY
DATA

]
ot
LN
‘m_{ : FLLE
'1' : CUNTROL
& i MODULE
L
;
{
H I'iLE
% .
f ; UPDATLNG

FIGURE 3.

10

BASE

DATA FLOW

T SIS WS N £

e




U

R T TR A Ty

-nmmm

Bt e e e e

O WP

PO RT SA I S SN 2 SR

pisg  pamy e

IIW%

e
L

5
¥

e

designer's constraints. ‘the results presentation program provides a display
of the huzard encountered and sihield performance as a function of the options
the designer can use in the design,

3. Design Analysis Module,

This module consists of a contiol program, a design program, a
design analysis program, a files preogram, and a results presentation program,
The control program again interfaces the man and the machine. The design
prugram requests specific design information from the engineer and, on request
from th¢ enginecr, provides him witli information from the materials data base.
The design analysis program conducts design optimization and, using informa-
tion from the cost dava base and the satety data base, analyzes the effec-
tiveness of the design concept, The files program provides interface with
the data base, The results presentation program provides the results to the
engineer in tabular and graphicair form.

4, iles Maintenance Medule.

This module provides the capability to update and maintain all
al” the data bases of the system,

AN IMPLEMENTATION

The detailed imnlementation of the CAD Suppressive Shields system
will be a coordinated effort between the design engineers, enginecriung
analysts, programmers, and computer facility operations personncl. A prelim-
inary implementation schedule is shown in figure 4. 7The task definitions and
level of etfort follows:

1. System Specification - This 2 month effort will result in a
detailed concept of the overall system, The specification will present in
detail the analvsis, operation, data base structure, program modules, and
data flow for the entire system. 7lLis effort will invoive personnel from all

required operations, Level of offuit - 06 man wonths.

2. Analysis Phase - This task will obtain all analyses to be used
and wiil develop program algorithms that will be required. Tevel of ctffort -
8 man wonths,

3. Program Module Specifications - This task will dev. lop detailed
specifications four each program wodule., They will include flow clinrts, var-
iable name dictionaries bloek diagrams, etc. Level of offort - 21 man
months.

4. Procurement Phase - This task will cbtaip necessacy terminal
hardware to be vsed in the system. 1t is impovtant that this cquivment be
obtained for the programming and checwout phasces - equipment cost $12,000,

11
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5. Programming Phase - This task will generate the actual code for
the program modules. Level of effort - 32 man months.

6. DProgram Checkout - This task will verify the individual programs
on the computer system. Level of effort - 18 man months.

7. Module Checkout - This task will verify and check out th~ program
modules consisting of groupings of the individual programs. Level of effort
- 15 man months.

8. System Checkout - This task will verify and check out the overall
system consisting of the program modules. There will be much interaction be-
tween tasks 5, 6, 7 and 8. Level of ecffort - 9 man months.

9, Program Documentation - This task will provide detailed documen-
tation of the logic flow and construction of the programs to enable ease of
maintenance and modification. Level of effort - 12 man months.

10. User Documentation - This task will provide detailed documentation
defining the use of the system. This explicit set of instructions and defi-
nitions will form a part of the engineering design handbook - 12 man months.

In addition to these tasks, 12 man months should be allocated to
management of this cffort. Totul level of effoct is 152 man monihs and
$12,000 for equipment for a total cost of approximately $500,000.

V. COST SAVINGS

The cost data is shown in figure 5 and the projected savings by year
is shown in figure 6. The manual design costs per shield and the projected
number of shields per year werc obtained from experience at thce Suppressive
Shielding Branch, Mechanical Process Technolugy Division, Manufacturing
Technology Directorate, Edgewood Arsenal. The design costs using CAD were
estimated from discussions with personnel familiar with the CAD procedure and
were then compared with the costs of the present suppressive shield design
procedure.

VL. CONCLUSIONS AND RECOMMENDATIONG

1t is concluded that computer-aided design procedures arce applicable
to the design of suppressive shiclds, Usc of these procedurcs will improve
accuracy of design calculations. Suppressive shields designed by these pro-
cedures will be more reliable and economical than those designed by manual
design calculations.

1t is recommended that a Manufacturing Methods and Technology project
to apply computer-aided design procedures to design of suppressive shields be
initiated as scon as possible after the engineering design handbook is
completed.,

13
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Shreveport, LA 71102
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Commander 1

ar

Milun Army Ammunition Plant
i“ Milan, TN 38358

Cormunander 1
Radford Army Ammunition Plant
radford, VA 24141

Commander 1
Ssunflower Army Ammunition Plant
Lawrence, KS 66044
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Commander

Lake City Army Ammunition Plant
Attn: Mr. John Jacobi
Independence, MO 64056

Commander
Ravenrna Army Ammunition Plant
Raverna, Ol 44266

Commander
Pine Bluff Arsenal
Pine Blufi, AR 71601

Director
US Army Matceriel Systems Analysis Activity
Aberdeen Proving Ground, MD 21005

Director
Us Army Ballistic Research Laboratories
Attn: DRXBRR-DL/Mr. Vitali

. T - . -~ 1 . Lo B Br Y [
Aberdecn PFroving Ground, MD 21005

bivision Engineer

US Army Engineer Division, Huntsville
Attn: 1INDED-CS/Mr. Dembo, Mr. W. Char
P. 0. Box 1600, West Station
Huntsviile, AL 35807

US Army Engineer Division
Waterways Experimental Station
PO Box 031

Vicksburg, MS 39180

Director

DARCOM Intern Training Center
Attn: Dr. G. Chiang

Red River Depot

Tegarkana, 1TX 75502

Mr. Jehn Komos
Defense Supply Agency
Camcron Station
Alexandria, VA 22030
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Project Manager for Chemical Demilitarization 2

and Installation Restoration
Edgewood Arsenal
Aberdeen Proving Ground, MD 21010

Commander
Edgewood Arsenal
Attn: SAREA-TD-E
SAREA-FI
SAREA-LE
SAREA-SA
SAREA-TE
Aberdeecn Proving Ground, MD 21010

Commander
Edgewood Arsenal
Attn: SAREA-BL-B
SAREA-BL-E
SAREA-BL-H
SAREA-BL-R
SAREA-BL-T
Aberdcen Proving Ground, MD 21010

Commander
Edgewovod Arsenal
Attn: SAREA-CL-C
SAREA-CL-P
Aberdeen Proving Ground, MD 21010

Commander

Edgewood Arsenal

Attn: SAREA-DE-S

Aberdecn Proving Ground, MD 21710

Commander
lidgewood Arsenal
Attn: SARLEA-MI-M
SAREA-MT-TS
Aberdeen Proving Ground, MD 21010

Chief

Fdgewood Arsenal Resident Laboratory
NASA National Space Technology labs

Bay St. Louis, MS 39520
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Recipient

Commander

Edgewood Arsenal

Attn: SAREA-PA-A
SAREA-PA-D
SAREA-PA-Q

Aberdeen Proving Ground, MD

Commander

Edgewood Arsensal

Attn: SAREA-TS-R
SAREA-Ts-1.
SAREA-TS-E

Aberdeen Proving Ground, MD

Commander

Aberdeen Proving Ground
Attn: STEAP-AD-R/RHA
Aberdeen Proving Cround, D

Commander

Aberdeen Proving Ground
Attn: STEAP-TL

Aberdeen Proving Ground, MD

Commander

Edgewood Arsenal

Attn: SAREA-DM

Aberdeen Proving Ground, MD

Administrator

Defense Docnmentation Center
Attn: Accessions Divisiouw
Cameron Station

Alexandria, VA 22333

21010

21010

21005

21005

21010

No. of Copies

[

W

1
mnd

.y ,;LA;';-_

T

) _.LWJ R PN .~;;L~.:..\J -,L--hn—'




